Abstract: There are three components of the total evapotranspiration (soil evaporation, interception loss and transpiration) influenced strongly by the vegetation. Hydrological models need information about the temporally varying portions of the components. On a well equipped research station in the east of Germany all these components have been measured under corn, winter wheat and sunflower (Zea mais L., Triticum aestivum L., Helianthus annuus, L.) and calculated with different methods, respectively. The portion of soil evaporation decreased dramatically from 50% at a LAI = 0.5 to 1-5% for dense crops (LAI > 3). It was stated that transpiration and interception loss took place simultaneously.
Introduction
The evapotranspiration plays an important role in the water balance of hydrological catchments or landscapes (Hagyo et al., 2006; Novak & Havrila, 2006; Štekauerová et al., 2006) . It is necessary for hydrological and ecological questions to separate the total evapotranspiration ETR of an area into its components, in particular if the soil is only partially covered by plants (e.g. Ritchie, 1972) . Three components must be considered: interception loss I, soil evaporation E, and transpiration T:
The fractions are related to the growing rhythm of the vegetation cover as well as the wetting by different precipitation events and the soil water content. Therefore they vary strongly both, temporally and spatially. For these reasons all components of the total evaporation were measured and calculated with different methods and the fractions of the individual components were determined. These investigations encourage process understanding and can make a contribution for better parameterisation of models.
Material and methods
The Ecological Station Zittau (MERTA et al., 2001 The total evapotranspiration ETR of the plant crop is directly measured by a weighable lysimeter with an area of 1 m 2 and a soil monolith with a depth of 2.3 m and with the eddy-correlation method. Plant transpiration T was estimated by sap-flow measurements (heat balance) and gas exchange (Compact Minicuvette System) and were extrapolated to the whole stand by leaf area index LAI. Additionally, leaf wetness sensors were attached. Evapotranspiration was also computed by the Penman-Monteith equation (SEIDLER et al., 2005) . The soil evaporation E was calculated both with the procedure of BEESE et al. (1977) and DUYNISVELD (1984) , and from the balance between the measurement of the total evapotranspiration ETR with the lysimeter, and the transpiration measurements as a remainder. BEESE et al. (1977) developed an empirical equation for loess, which describes soil evaporation E as dependent on the available water in the upper soil layer.
ψ soil suction 5-10 cm depth [hPa] , Ep potential soil evap-
The ground cover of arable land changes during the year, consequently E varies as a proportion of ETR. While the seasonal development of LAI for different cultivated plants has been extensively examined and is well understood, methods to the relationship between LAI and degree of coverage σ are rarely used, and therefore is less understood. But however, an empirical equation for exactly this problem has been derived by WITTICH (1994) from satellite data:
This relationship is used to separate soil evaporation and transpiration in hydrological models. If the soil is partly covered the Penman equation combined with the degree of coverage can be used to determine its potential evaporation Ep (DUYNISVELD, 1984):
At values LAI > 1 the term (1−LAI) is set to zero, and Eq. (3) is reduced to the energy term, according to Ritchie (1972) . The interception loss I was estimated by the difference between precipitation outside and inside the canopy, stem flow included. On the basis of these measurements, a model was derived to simulate the interception loss (SEID-LER et al., 2005) .
Results
The transpiration depends not only on the LAI but also on meteorological variables, vitality and age of the plants, as well as soil moisture. It shows high dynamics and follows the radiation curve when the soil is moist. It covers the largest portion of the total evaporation when canopy closure occurs. If the leaves are wet from rain or dew this water evaporates directly from the plant surface and it is generally accepted that transpiration begins when the interception storage is emptied, and the plant surface is dry. Measurements from the Zittauer ecological research station demonstrated an overlap of transpiration T and interception I (Fig. 1) .
In the morning hours of 9 and 10 June 2000 the leaf wetness sensors of the sunflowers (Helianthus annuus, L.) indicated "wet" as a result of dew. When radiation begins the stomata opens, the sap-flow and transpiration start. Figure 1 shows that although the leaves were wet, T and I occur simultaneously. However, the onset of sap-flow was delayed. If the interception storage was empty, the sap-flow followed the radiation curve, if it was filled, a temporal delay happened. The transpiration T remained small if the leaves were wet, and interception loss I dominated. For the hydrologic modelling the separate view of these processes is not relevant, but for plant physiological processes it is. The measured leaf wetness is only qualitative. The sensor indicates only "wet" or "dry", the line of 350 mV marks the border.
For the hydrologic modelling the relationship between soil evaporation E and transpiration T is of great interest. Seasonally, the evaporation E of arable land varies strongly. It depends on: the soil type, the soil water content, the content of organic substance as well as the development and the structure of the crop (e.g. Gardiol et al., 2003; Lund & Soegaard, 2003) .
In the context of the investigations E of a partly covered ground was calculated using Eqs (2-4), and E was also determined as a remainder from Eq. (1) by measurements of the other components. The results of both methods aligned well. The remainder is 10-20% larger with LAI 0-2, thereafter 1-3% lower. Therefore Eq. (3) seems to be suitable to describe the relationship between LAI and degree of plant cover. From this time on the soil evaporation was negligible (see also Fig. 4) . Figure 3 demonstrates the daily dynamics of all components of growing sunflowers (Helianthus annuus, L.) in May 2000 during different weather conditions. The interception loss I was simulated with the interception model and checked by measurements with leafwetness sensors, E was calculated as a remainder. Because of the small leaf area index LAI (0.5) in the relevant period I was negligible.
The transpiration T began time-delayed in relation to the lysimeter measurement, as a consequence high evaporation values occurred in the morning, which corresponded to ETR. During and after the rain event T is hardly measured and the total ETR almost exclusively consisted of the components soil evaporation E and interception loss I.
On the basis of those measurements empirical relationships between the ratio E/ETR and the LAI could be derived (Fig. 4) , ETR is represented by the lysimeter measurements and E was calculated with both methods as a remainder (Eq. (1) and with Eqs (2-4).
Sunflower and corn both are represented by one line due to their similar behaviour. The differences in the ratio at the same LAI were justified with the climatic conditions of the respective year. The vastly different soil suction in wet and dry periods caused the relationship E/ETR to vary from 1% to 10% at LAI values between 3 and 6 (soil is completely covered).
With a leaf area index of 0.2-0.3 rates of E and T were close. Starting from a LAI of approximately 1 transpiration T dominated. At LAI ≥ 2 the evaporation part decreased to below 10% of ETR. Under the winter wheat (Fig. 4) the ratio of E/ETR as a function of the LAI dropped faster than under either the corn or sunflower. Already at a LAI = 1.5 the relationship E/ETR shifted to below 4%. The dry months April & May 1998 rapidly lowered E with soil suction of 50-75 kPa. In addition winter wheat exhibits a higher degree of coverage than corn with same LAI, which is due to smaller row width and the canopy structure.
Discussion
As is shown in Figs 1-4 , the degree of ground cover has a substantial influence on evaporation. However, the degree of this influence is determined by the meteorological conditions (e.g. Gardiol et al., 2003; Lund & Soegaard, 2003) . It is also important to notice, that the water availability of the upper soil layer limits soil evaporation E.
The method of calculating the soil evaporation E from the soil suction of the upper soil layer frequently causes difficulties during the vegetation periods. Since for those measurements generally tensiometers are used, which measurement ranges are limited to relatively high values of soil water potential, periods with low soil water content are omitted. If soil mois- ture measurements are available, they can be used for computing soil suction. The determination of E as a remainder from the balance becomes difficult during and after the rain, because the measuring errors of the individual procedures increase (Merta et al., 2001) .
Nevertheless the detailed measurements and calculations demonstrate clearly the behaviour of soil evaporation E and transpiration T during the vegetation period. The comprehensive investigations indicate the methods of Beese et al. (1977) and Duynisveld (1984) suitable to determine the soil evaporation from partial covered soils. Simultaneous use of several methods facilitates the interpretation of the measurements and calculations.
